BACKGROUND: Dexmedetomidine (DEX) is increasingly being used as a sedative for monitored anesthesia care (MAC) because of its analgesic properties, "cooperative sedation," and lack of respiratory depression. In this randomized, multicenter, double-blind, Phase III Food and Drug Administration study, we evaluated the safety and efficacy of two doses of DEX for sedation of patients undergoing a broad range of surgical or diagnostic procedures requiring MAC. METHODS: Three hundred twenty-six patients were randomized 2:2:1 to DEX 0.5 g/kg, DEX 1 g/kg, or saline placebo initial loading dose, followed by a maintenance infusion of 0.2-1.0 g ⅐ kg Ϫ1 ⅐ h Ϫ1 of DEX (or equivalent volume of saline) titrated to a targeted level of sedation (Յ4 on the Observer's Assessment of Alertness/Sedation Scale [OAA/S]). Study drug was started at least 15 min before placement of regional or local anesthetic block. Midazolam was given for OAA/S Ͼ4 and fentanyl for pain. The primary end-point was the percentage of patients not requiring rescue midazolam. RESULTS: Significantly fewer patients in the 0.5-and 1-g/kg DEX groups required supplemental midazolam compared with placebo (59.7% ͓80/134͔, 45.7% ͓59/129͔ vs 96.8% ͓61/63͔, respectively; P Ͻ 0.001) and at lower doses to achieve an OAA/S Յ4 before and during surgery compared with the saline group (1.4 and 0.9 mg vs 4.1 mg, respectively; P Ͻ 0.001, each group compared with placebo). Both DEX groups required significantly less fentanyl (84.8 and 83.6 g vs 144.4 g, respectively; P Ͻ 0.001, for both DEX groups versus placebo) for all surgical subtypes. Anesthesiologists indicated significantly increased ease of achieving and maintaining targeted sedation in both DEX groups compared with placebo with midazolam (P Ͻ 0.001). Patient satisfaction was significantly higher with DEX (P Յ 0.009, both groups versus placebo). Common adverse events with DEX were protocol-defined bradycardia and hypotension that were predominately mild to moderate in severity. The incidence of clinically significant respiratory depression (defined as a respiratory rate of Ͻ8 or an oxygen saturation of Ͻ90%) was lower in DEX-treated patients (P ϭ 0.018, for both groups versus placebo). CONCLUSIONS: DEX is an effective baseline sedative for patients undergoing MAC for a broad range of surgical procedures providing better patient satisfaction, less opioid requirements, and less respiratory depression than placebo rescued with midazolam and fentanyl.
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Dexmedetomidine (Precedex, Hospira, Lake Forest, IL) is a centrally acting ␣-2 receptor agonist that can be titrated to the desired level of sedation without significant respiratory depression. [5] [6] [7] Dexmedetomidine has an analgesic-sparing effect, significantly reducing opioid requirements both during and after surgery. 3,8 -12 In addition, dexmedetomidine has a sympatholytic effect that can attenuate the stress response to surgery, mitigating tachycardia and hypertension. 8, 11 Because of its analgesic properties, "cooperative sedation," and lack of respiratory depression, dexmedetomidine is increasingly being used as a sedative for MAC. 6 There have been several reports on the successful use of dexmedetomidine as the primary sedative drug for orthopedic, ophthalmic, dental, and plastic surgery, and for diagnostic procedures. [11] [12] [13] [14] [15] [16] The safety and efficacy of dexmedetomidine in nonintubated patients undergoing MAC have not been rigorously evaluated in a large clinical study. We present the results of a prospective, multicenter trial that evaluated the safety and efficacy of dexmedetomidine as the primary sedative drug for nonintubated patients having MAC.
METHODS
This was a prospective, randomized, double-blind, placebo-controlled, Phase III study conducted at 26 investigational sites in the United States (ClinicalTrials. gov; NCT00398827). A placebo-controlled design was selected to comply with Food and Drug Administration requirements. The protocol was approved by the IRB of the study centers, and all patients provided written informed consent. Patients scheduled for elective surgeries and procedures performed in an operating room or procedure room and requiring MAC with an anesthesiologist in attendance were eligible for enrollment. Surgeries/procedures were expected to last at least 30 min and included orthopedic, ophthalmic, plastic, vascular stents, breast biopsies, hernias, arteriovenous fistulas, and excision of lesions. Eligible patients were Ն18 yr old, ASA physical status of I-IV, and required a local anesthetic block. Patients were excluded if they had received general anesthesia within 7 days before study entry, any experimental drug within 30 days before study drug administration, an ␣ 2 -agonist or antagonist within 14 days before the scheduled surgery/procedure, an IV opioid within 1 h, or an oral or IM opioid within 4 h of the start of study drug administration. Patients were also excluded if they required epidural or spinal anesthesia, or had any of the following: acute unstable angina, acute myocardial infarction documented by laboratory findings in the past 6 wk, heart rate (HR) Ͻ50 bpm, systolic blood pressure (SBP) Ͻ90 mm Hg, or third-degree heart block unless the patient had a pacemaker.
Patients were randomized in a 2:2:1 ratio to dexmedetomidine 0.5-g/kg load arm, 1-g/kg load arm, or saline placebo using a computer-generated randomization schedule. Two different loading groups were used for the main purpose of maintaining the blinding of the investigators with reference to the placebo group. The respective initial loading doses of 0.5 or 1.0 g/kg of dexmedetomidine or placebo were administered over 10 min followed by a maintenance infusion beginning at a rate of 0.6 g ⅐ kg Ϫ1 ⅐ h Ϫ1 . Fifteen minutes after starting study drug, patients were assessed for level of sedation using the Observer's Assessment of Alertness/Sedation Scale (OAA/S) 17 and any patient having a score Ͼ4 received IV midazolam in 0.5 mg doses, repeated until OAA/S was Յ4. After the initial loading dose, study drug was titrated from 0.2 to 1 g ⅐ kg Ϫ1 ⅐ h Ϫ1 of dexmedetomidine or saline equivalent volume to maintain score Յ4. All subjects received a local anesthetic block before surgery/ procedure (at least 15 min after beginning the drug infusion and when an OAA/S score Յ4 was observed). If a patient was not adequately sedated through titration, rescue midazolam could be administered as single IV boluses of 0.5 mg, repeated as needed to achieve an OAA/S score Յ4. IV fentanyl, 25 g boluses and repeated as necessary, could be given if a patient expressed a pain score of Ն3 during study drug infusion and Ն4 in the postanesthesia care unit (PACU) on a scale of 0 -10 (0 ϭ no pain, 10 ϭ worst pain), or the investigator determined the presence of pain when verbal communication was not possible. At any time, if clinically indicated, the patient could be converted to an alternative sedative or anesthetic therapy and the study drug discontinued. OAA/S scores and all standard vital signs were obtained every 5 min throughout the study drug infusion and before the administration of any rescue midazolam. Study drug was discontinued when the patient left the operating room. Subjects remained in the PACU for a minimum of 1 h after discontinuation of study drug. Vital signs were recorded every 5 min for the first 15 min, then every 15 min for the next 45 min. The OAA/S and pain scores were assessed every 15 min while the patient was in the PACU.
Immediately after transfer to the PACU, the anesthesiologist rated the ease of maintenance of intraoperative sedation, respiratory stability, hemodynamic stability, and patient cooperation using visual analog scale scores. The patient's level of anxiety experienced before, during, and after the study drug infusion was assessed using the Anxiety Assessment Scale; scores range from 0 (no anxiety) to 10 (extreme anxiety). Patients were discharged when the Aldrete Score 18 was Ն9. Twenty-four hours after discontinuation of study drug, patients were visited or contacted by telephone to assess satisfaction with their anesthetic using the Iowa Satisfaction with Anesthesia Scale. 19 The schematic of the overall study design is provided in Figure 1 .
The primary efficacy end-point was the percentage of patients not requiring midazolam for rescue sedation based on achieving and/or maintaining an OAA/S score Յ4. Secondary end-points included total amount of rescue midazolam, time from onset of study drug infusion to first dose of rescue midazolam, percentage of patients who converted to alternative sedative and/or anesthetic therapy because of treatment and rescue failure, time to recovery and readiness for discharge from the PACU, total amount of fentanyl required for pain control, incidence of postoperative nausea and vomiting in the PACU, protocol-defined hemodynamic stability (SBP time outside range ϩ HR time outside range/study drug infusion period), and overall patient and anesthesiologist satisfaction. Safety was evaluated by monitoring adverse events, cardiac hemodynamic variables, laboratory tests, vital signs, and concomitant medications. Protocol-defined relative changes in arterial blood pressure (30% or more change from baseline, which was determined as the average of three measurements 3 min apart), HR (30% or more change from baseline determined as for arterial blood pressure), and absolute respiratory depression (defined as respiratory rate of Ͻ8 or an oxygen saturation of Ͻ90%) were also assessed.
Statistical Analysis
All patients who received randomized study drug and had at least one postbaseline efficacy measurement were included in the intent-to-treat population. Safety analyses were performed on all patients who were randomized and received any study drug. For the primary efficacy end-point, statistical assessments comparing dexmedetomidine, 1-g/kg load arm versus placebo (primary analysis), and dexmedetomidine, 0.5-g/kg load arm versus placebo, were performed separately using the Cochran-Mantel-Haenszel test adjusting for surgery/procedure type. Statistical assessments comparing each dexmedetomidine group versus placebo for b Beginning 15 min after the start of study drug infusion and continuing throughout the surgery/procedure, rescue boluses of midazolam 0.5 mg were given for OAA/S Ͼ4 after titration of study drug. c Beginning 15 min after study drug infusion until the patient was discharged from the PACU, rescue boluses of fentanyl 25 g IV were given as needed for pain based on protocol-specified pain assessments. d The patient was sedated (OAA/S Յ 4) before entry into the operating room, procedure room, or block room and before administration of local anesthetic block. e At least 1 h after study drug had been discontinued. DEX ϭ dexmedetomidine; PBO ϭ placebo; OAA/S ϭ Observer's Assessment of Alertness/Sedation Scale; PACU ϭ postanesthesia care unit. total amount of rescue midazolam were performed separately using an analysis of variance model adjusted for surgical type. Subgroup analyses were performed according to surgical procedure. 2 tests were used to compare treatment differences in the percentage of patients reporting any treatment-emergent adverse event and for each system organ class for each dexmedetomidine arm versus placebo. Vital signs were assessed using a two-sample t-test for each dexmedetomidine arm versus placebo. A sample size of 250 patients was required to provide Ͼ99% power, assuming Ͼ70% of patients in the dexmedetomidine 1-g/kg group and Ͻ10% in the placebo group did not require rescue midazolam for proper sedation during study drug infusion to detect a difference among treatment groups. All statistical tests were two-sided and a P value Յ0.05 was considered statistically significant.
RESULTS
Three hundred seventy-one eligible patients were randomized. Of these, 326 patients were included in the intent-to-treat and safety analyses, with 134 in the dexmedetomidine 0.5-g/kg arm, 129 in the dexmedetomidine 1-g/kg arm, and 63 in the placebo arm ( Fig. 2) . Baseline characteristics were similar among treatment groups (Table 1) . Mean (Ϯsd) duration of study drug infusion was 97.0 Ϯ 52.5, 102.3 Ϯ 59.7, and 105.6 Ϯ 47.4 min for the 0.5-g/kg, 1-g/kg, and placebo arm, respectively.
Efficacy
Significantly more patients in the dexmedetomidine 1-g/kg group did not require rescue midazolam to achieve an OAA/S score Յ4 compared with the placebo group (54.3% ͓70/129͔ vs 3.2% ͓2/63͔; P Ͻ 0.001; Fig. 3 ). The number of patients in the dexmedetomidine 0.5-g/kg group requiring supplemental midazolam (40.3% ͓54/134͔ vs 3.2% ͓2/63͔; P Ͻ 0.001; Fig. 3 ) was also significantly higher than for the placebo group (P Ͻ 0.001). The percentage of patients not requiring rescue midazolam was significantly higher in both dexmedetomidine groups versus placebo according to all surgical subtypes, with the exception of the dexmedetomidine 0.5-g/kg pooled Subgroup 3 (breast biopsies, excision of lesions, and plastic surgical procedures). All but two patients in the placebo group received rescue midazolam and both underwent cataract surgery.
The mean total dose of rescue midazolam was significantly lower for the dexmedetomidine 0.5-and 1-g/kg groups than for the placebo group (1.4 and 0.9 mg vs 4.1 mg, respectively; P Ͻ 0.001 for each comparison; Fig. 3) . Results for the pooled surgery subtypes also significantly favored both dexmedetomidine groups over placebo. The median length of time from the start of study drug until a rescue dose of midazolam was administered was significantly longer for both the 0.5-and 1-g/kg groups than for the placebo group (40.0 and 114.0 min vs 20.0 min, respectively; P Ͻ 0.001 for each comparison). Significantly fewer patients in both dexmedetomidine groups required additional drugs besides midazolam for sedation than the placebo group. Two patients (1.6%) in the 1-g/kg group, four (3.0%) in the 0.5-g/kg group, and seven (11.1%) in the placebo group could not be sedated with protocol-specified amounts of study drug or rescue midazolam (0.2 mg/kg) and required additional sedation with propofol or general anesthesia to complete their surgical procedure (P Ͻ 0.02 for each comparison).
Significantly fewer patients required rescue fentanyl for pain during the infusion period for all surgeries in both the 0.5-and 1-g/kg groups compared with the placebo group (59.0% ͓79/134͔ and 42.6% ͓55/129͔ vs 88.9% ͓56/63͔, respectively; P Ͻ 0.001 for both comparisons; Table 2 ). Additionally, significantly higher doses of fentanyl were required for the placebo group during the infusion period compared with both dexmedetomidine 0.5-and 1-g/kg treatment groups (144.4 g vs 84.8 and 83.6 g, respectively; P Ͻ 0.001 for both comparisons; Table 2 ). More fentanyl was required in all surgical subgroups, except ophthalmic surgery, in the placebo arm than both dexmedetomidine treatment groups.
Median time to recovery and readiness for discharge from the PACU was 29.0 min for patients in the dexmedetomidine 0.5-g/kg group, 25.0 min for patients in the dexmedetomidine 1-g/kg group, and 14.0 min in the placebo group (P ϭ 0.068). Significantly more patients in the placebo group required additional pain medication in the PACU than the dexmedetomidine 1-g/kg group (P Յ 0.048). The incidence of postoperative nausea and vomiting was not significantly different among treatment groups.
Results from the anesthesiologists' assessment showed significant differences favoring both dexmedetomidine groups compared with the placebo group for ease of maintenance of sedation (visual analog scale 2.8 and 2.2 cm vs 4.4 cm, respectively; P Ͻ 0.001 for each comparison). There were no significant differences in anesthesiologists' assessment of hemodynamic stability, respiratory stability, or patient cooperation. After surgery in the PACU, patients' mean anxiety scores were significantly lower in the 1-g/kg group than in the placebo group (1.0 vs 1.9; P ϭ 0.007). The Iowa Satisfaction with Anesthesia Scale results showed that patients were significantly more satisfied in both dexmedetomidine groups versus placebo (P Յ 0.001; Table 3 ).
Safety
The most common adverse events during the infusion period were protocol-defined changes in arterial blood pressure, HR, and respiratory rate. The majority of adverse events were mild or moderate in severity. A small group of patients received drug interventions for changes in HR and/or arterial blood pressure (Table 4 ). There was no difference in the incidence of adverse events among treatment groups either intraoperatively or in the PACU. Three patients reported serious adverse events during the follow-up period and all were determined by the investigator to be unrelated to study drug. One placebo patient who was converted to general anesthesia experienced laryngospasm and pulmonary edema with placement of a laryngeal mask airway. Seventeen patients (five patients in the 0.5-g/kg group, six in the 1-g/kg group, and six in the placebo group) prematurely discontinued study drug infusion (Fig. 2 ). There were no deaths during the study or follow-up period.
The mean decrease in SBP (P Յ 0.043) and diastolic blood pressure (P Ͻ 0.001) from baseline in both dexmedetomidine groups was greater than the placebo group during the infusion and PACU periods, except for the difference between the 1-g/kg group and placebo group during the infusion period. The mean HR in both dexmedetomidine groups decreased significantly from baseline versus placebo during the infusion and PACU periods (P Ͻ 0.001). During study drug infusion, there was no difference in protocoldefined hemodynamic stability among the treatment groups. Fourteen patients (10.9%) in the 1-g/kg group and 16 patients (11.9%) in the 0.5-g/kg group received an intervention (titration of study drug, IV fluid bolus, or pharmacologic treatment) for treatment-related arterial blood pressure or HR adverse events during the infusion period, compared with two patients (3.2%) in the placebo group. The coadministration of midazolam or fentanyl with dexmedetomidine was not associated with an increase in hypotension or bradycardia. There was no significant increase in the incidence of hypotension or bradycardia when dexmedetomidine was administered to patients taking chronic antihypertensive therapy, including ␤-blockers. Differences between the dexmedetomidine groups and the placebo group in cardiac monitoring, 12-lead electrocardiogram results, and laboratory profiles were unremarkable.
The incidence of absolute respiratory depression (defined as a respiratory rate of Ͻ8 or an oxygen saturation of Ͻ90%) was significantly lower in both the 0.5-and 1-g/kg dexmedetomidine groups compared with placebo during the infusion period (3.7% and 2.3% vs 12.7%, respectively; P ϭ 0.018). The Fentanyl was administered for pain score Ͼ3 during study drug infusion. Significantly less fentanyl was administered in both dexmedetomidine groups. DEX ϭ dexmedetomidine. * P value from analysis of variance model comparing each DEX arm versus the placebo arm. DEX ϭ dexmedetomidine; ISAS ϭ Iowa Satisfaction with Anesthesia Scale. a For items 1, 3, 5, 7, 9, and 11, the scores are reassigned as follows: ϩ3 ϭ disagree very much; ϩ2 ϭ disagree moderately; ϩ1 ϭ disagree slightly; Ϫ1 ϭ agree slightly; Ϫ2 ϭ agree moderately; Ϫ3 ϭ agree very much. For items 2, 4, 6, 8, and 10, the scores are reassigned as follows: Ϫ3 ϭ disagree very much; Ϫ2 ϭ disagree moderately; Ϫ1 ϭ disagree slightly; ϩ1 ϭ agree slightly; ϩ2 ϭ agree moderately; ϩ3 ϭ agree very much. The Overall ISAS score is the mean of all reassigned item scores. The higher score indicates more favorable outcome. * P values from analysis of variance model adjusting for surgery/procedure type comparing each DEX arm versus the placebo arm. coadministration of midazolam or fentanyl in both dexmedetomidine groups was not associated with increased absolute respiratory depression or a need for intervention for respiratory depression. No patient in any of the three groups received a reversal drug for the opioid or midazolam.
DISCUSSION
Dexmedetomidine was effective and well tolerated for sedation of patients requiring MAC. Efficacy results showed that significantly fewer patients in both the 0.5-and 1-g/kg dexmedetomidine groups required supplemental midazolam or fentanyl for sedation or analgesia. The mean total dose of rescue midazolam used to achieve and/or maintain the targeted sedation level was significantly lower in both dexmedetomidine groups: 0.9 mg for dexmedetomidine 1 g/kg and 1.4 mg for dexmedetomidine 0.5 g/kg compared with 4.1 mg for the placebo group. The percentage of subjects who required rescue fentanyl for analgesia during the infusion period was significantly lower for both dexmedetomidine groups (42.6% of 1 g/kg and 59.0% of 0.5 g/kg dexmedetomidine subjects) compared with 88.9% of placebo subjects (P Ͻ 0.001 for both comparisons); and the dose of fentanyl during study drug infusion was significantly lower in both dexmedetomidine groups, 83.6 and 84.8 g of fentanyl for the dexmedetomidine 1 g/kg and 0.5 g/kg, respectively, compared with 144.4 g of fentanyl in the placebo group (P Ͻ 0.001 for each comparison). Significantly fewer subjects required postoperative analgesics in the dexmedetomidine 1-g/kg group than in the placebo group (P ϭ 0.025). Patients in both dexmedetomidine groups expressed significantly greater satisfaction than the placebo group rescued with midazolam and fentanyl.
An important finding in this trial was the higher incidence of clinically significant respiratory depression in the placebo group as compared with both dexmedetomidine groups. Despite following a protocol with clearly defined variables for administering midazolam or fentanyl, 13.1% and 16.1% of patients in the placebo group who received midazolam with fentanyl, respectively, had an intervention for respiratory depression and 12.7% had a documented oxygen saturation Ͻ90% or respiratory rate Ͻ8. This may be attributed to the significantly higher doses of midazolam and fentanyl that were required for sedation and analgesia in the placebo group versus the dexmedetomidine treatment groups. The doses of midazolam and fentanyl that were used may have been due to the study design although other trials have demonstrated similar findings or have shown no increase in respiratory complications between dexmedetomidine and midazolam with fentanyl. 12, 13 The analgesic-sparing effect of dexmedetomidine demonstrated herein and in other studies could potentially reduce the risk of developing respiratory depression and its related sequelae. 5, 8, 12, 20, 21 In a study by Alhashemi 14 evaluating the use of dexmedetomidine for cataract surgery and by Zeyneloglu et al. 22 in patients undergoing lithotripsy, the time for recovery and discharge from PACU was longer with dexmedetomidine. Although not statistically or clinically significant, the time for recovery and readiness for discharge from the PACU in our study was longer for both dexmedetomidine groups than the placebo group. Readiness for discharge may have been longer in the dexmedetomidine groups due to the fact that to maintain the blind in our study all groups had their infusions continued until the end of the surgery. It is expected that in standard practice an infusion such as dexmedetomidine would have been tapered before the end of surgery. In general, an infusion drug, such as dexmedetomidine, may be more difficult to use compared with bolus drugs in terms of when to stop the infusion, the time required to change dosage, and the need for an initial loading dose given over 10 min.
Both patient and anesthesiologist satisfaction and comfort were better with dexmedetomidine than placebo. Dexmedetomidine-treated patients were significantly more satisfied with their anesthetic than patients in the placebo group, and patients in the 1-g/kg group had significantly less postoperative anxiety after their MAC procedure. Higher satisfaction scores for dexmedetomidine compared with midazolam have been reported in other trials as well. 14 -16 In addition, anesthesiologists indicated that the ease of achieving and maintaining the targeted sedation level was significantly better in both dexmedetomidine groups compared with the placebo group using midazolam.
Dexmedetomidine was well tolerated in a variety of age groups and populations for a broad range of surgical and diagnostic procedures, and the incidence of treatment-emergent adverse events was similar among patients receiving dexmedetomidine or placebo. Overall, dexmedetomidine caused a predictable and manageable decrease in HR and arterial blood pressure. Protocol-defined hypotension was the most common adverse event in dexmedetomidine-treated patients during the infusion period; however, all cases were mild or moderate in severity and responded to intervention, when indicated. Additionally, no significant differences were noted for the rate of treatment of hypotension or bradycardia intraoperatively, however, interventions were increased in the PACU. Mc-Cutcheon et al. 20 found that dexmedetomidine, when compared with midazolam and fentanyl in carotid surgery patients, was associated with fewer interventions for hypertension and tachycardia. The effect of reducing HR and arterial blood pressure could be beneficial for patients at risk for cardiac morbidity because perioperative tachycardia and hypertension are associated with adverse cardiac outcomes in the postoperative period. 23, 24 The surgical procedures that were studied in this trial were notably diverse, and it is possible that dexmedetomidine may prove more suitable for some procedures than others. For example, a previous study of dexmedetomidine sedation during colonoscopy reported more adverse events in this population. 25 Although one study reported better patient cooperation during cataract surgery with dexmedetomidine than with midazolam, another reported more hypotension and delayed recovery room discharge. 11, 26 We believe that additional trials delineating the advantages and disadvantages of dexmedetomidine in specific procedures and populations are justified.
In conclusion, dexmedetomidine at the doses studied is a well tolerated, safe, and effective primary sedative alternative to traditional benzodiazepine/ opioid combinations in patients undergoing MAC for a variety of surgical procedures. Using dexmedetomidine as the primary sedative permits significantly reduced requirements for both midazolam and fentanyl. Within the confines of the design of our study, dexmedetomidine-treated patients had a lower incidence of clinically relevant respiratory depression and significantly better patient satisfaction. Mean arterial blood pressure and HR were significantly lower in dexmedetomidine-treated patients compared with placebo patients receiving midazolam and fentanyl.
